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Abstract: The term Big Data is causing a furore all around us spanning from news articles to professional magazines, 
from tweets to YouTube videos, social media and blog discussions. This term, coined by Roger Magoulas from 
O’Reilly media in 2005, refers to a wide range of large data sets almost impossible to manage and process using 
traditional data management tools not only due to their size, but also their complexity. Big Data can be seen in the 
retail, finance and business where enormous data from stock exchange, banking, online and onsite purchasing data 
flows through computerized systems every day and are then captured and stored for inventory monitoring, customer 
behaviour and market behaviour. The upsurge in computational and storage power facilitates the agglomeration, 
storage and analysis of the Big Data sets. Companies introducing innovative and cutting edge technological solutions 
to Big Data analytics are increasing. The objective of this paper is to study the emergence of Big data and catalog its 
role in facilitating Business Intelligence and advanced analytics, where techniques such as predictive analytics, data 
mining, text analytics, statistics, and natural language processing help to understand the current state of the business 
and track evolving aspects such as customer behaviour to take productive and persuasive decisions. In addition to the 
underlying data processing and analytical technologies, Business Intelligence and Analytics includes business-centric 
practices and methodologies that can be applied to various high-impact applications such as e-commerce, market 
intelligence, e-government, healthcare, and security. 
 
Keywords: Business intelligence (BI), Business analytics, big data analytics, Hadoop, Cassandra, GigaSpaces In 
memory Data grid (IMDG), NoSQL DB. 
 

 
 

Introduction to Big Data: An Evolution not a Revolution 
 

Data insights form an essential part of the decision making process in today's highly competitive business environment. With 
the massive growth in available data and ways to manage, companies are spending millions of dollars a year on BI, IT 
infrastructure, transactional applications, BI tools and Business Analytics. Data driven decision making has totally replaced 
instinct and even reason. Companies can become data-driven, when they place Business Intelligence, Business Analytics and 
Big Data at the center of their decision making process. It is a big shift in traditional business policies: instead of basing a 
decision on instinct or experience, each company must begin to analyze its available data. Every two years, the amount of 
data in the world doubles, and by 2015, it is estimated that the total data on Earth will amount to 7.9 zeta bytes.  
 
Unstructured data, such as text and images accounts for 90% of this amount [3]. From here on, it is highly anticipated that 
this massive amount of data will be used in business analytics to improve operations and offer innovative services. Moreover 
Business Analytics has been considered by many to be a function of the Business Intelligence process. In the current trend, as 
Analytics expand and develop sometimes independent from the BI mainframe, some have begun to argue that Analytics is in 
fact a stand-alone discipline not just a branch of the BI process. Whether that is true or not, however, it is inconsequential. 
What most business owners must know is that BI combined with Analytics works better and provides a more efficient 
decision-making process. Figure 1 shows how big data is extensively used in various application segments.  
 

 
Figure 1: Big Data Application Segment 
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The four-Vs of Big Data are:  
 Volume- Big data comes in one size- large. Enterprises are awash with data, easily amassing terabytes and even 

petabytes of information. 

 Velocity- Often time sensitive big data must be used as it is, to maximize its value to the business. 

 Variety- Big Data extends beyond structured data, often including unstructured or semi structured data like text, audio, 
files images.  

 Veracity –Quality and provenance of received data. 
 

How Big Data’s Architecture helps Big Analytics 
 

 
Figure 2: Big Data Architecture 

 
Figure 2 [28] depicts a high level architecture of Big Data [3]. Let us review well-formed logical information architecture for 
structured data. Figures 3 & 4 illustrate two data sources that use integration (ELT/ETL/Change Data Capture) techniques to 
transfer data into a DBMS data warehouse or operational data store, and then offer a wide variety of analytical capabilities to 
reveal the data. Some of these analytic capabilities include: dashboards, reporting, BI applications, summary and statistical 
query, semantic interpretations for textual data, and visualization tools for high-density data.  

 
Figure 3: Traditional Information Architectural Capabilities 

 

Unique distributed (multi-node) parallel processing architectures have been created to parse these large data sets [5]. There 
are differing technology strategies for real-time and batch processing requirements. For real-time, key-value data stores, such 
as NoSQL, allow for high performance, index-based retrieval. For batch processing, a technique known as “Map Reduce,” 
filters data according to a specific data discovery strategy. After the filtered data is discovered, it can be analyzed directly, 
loaded into other unstructured databases, sent to mobile devices, or merged into traditional data warehousing environment 
and correlated to structured data.   
 

 
 

Figure 4:  Big Data Information Architecture Capabilities for Unstructured Data 
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Raw data is not directly moved to a data warehouse. Figure 5 describes Map Reduce processing after which “reduction 
result” is integrated into the data warehouse environment. It is then leveraged for conventional BI reporting, statistical, 
semantic, and correlation capabilities. It is ideal to have analytic capabilities that combine a conventional BI platform along 
with big data visualization and query capabilities. Also, to facilitate analysis in the Hadoop environment, sandbox 
environments can be created. In summary, the Big Data architecture challenge is to meet the rapid use and data interpretation 
requirements while at the same time correlating it with other data. 

 
Figure 5: Big Data implementation Flow chart 

 
 

Technological trends of Business Analytics using Big Data 
 
So far, businesses were limited to utilizing customer and business information contained within an in-house system only. In 
the past decade however, the role of the Web, e-commerce, social networks, has been significant in tracking users and their 
preferences. Use of sensors and smart devices are expanding, and more detailed data about people and things are becoming 
easier to acquire. We are also seeing a rapid increase of individuals disseminating information via social networking services 
and blogs.The data gathered from such activities lead up to Big Data 
 

With big data, it is necessary to focus not only the volume, but also the variety and velocity of the data. Rather than just 
single source numerical data, it is necessary to process unstructured data such as text and image acquired from multiple 
sources. Data that was previously acquired within a number of minutes or hours now use extremely small units of time for 
acquisition, such as every second, or several hundred milliseconds. Business intelligence (BI) has developed along with 
visualization in the business environment; however, to utilize big data, visualization is just not enough. Incorporating 
business analytics (BA) which includes prediction and optimization is the key to success. 
 
There are three major types of business analytics. Type 1 is to find the relationship and regularity between data sets. For 
example, consumers can be differentiated based on an analysis of the causal relationship between their attributes and 
purchasing history. Type 2 is to find an optimal solution under a specified set of constraints. This type is valid for problems 
where limited resources are used effectively, for instance, when optimizing order quantity or scheduling shift workers. Type 
3 is to anticipate future trends by understanding guest behaviours [19]. In order to realize BA, many IT service providers 
already offer solutions for large-scale distributed processing (Hadoop), and streaming data processing. 
 

How Big Data Brings BI, Analytics Together 
 

The Business Intelligence and Analytics address the need to make faster and better decisions and increase overall 
productivity through access to the data and insight required – no matter where the information resides. Analytics helps bring 
data together, with sophisticated algorithms for filtering and analyzing the data [4]. The results can include deep 
understanding of the workings of the business and its connections to the marketplace, key performance indicators to drive 
business decisions, and dramatic improvements in the performance of business processes.  
 
 “Big Connectivity” plays an integral role in pulling from many different data elements and data sources – seeing further by 
collecting data and information from processes, applications, Web services, rule sets, social networks, active content, and 
activities and using all of that Big Data to trigger appropriate changes and actions. It is all about adapting quickly based on as 
much intelligence and analytics as possible. Figure 6 illustrates the life cycle of Big Data. As the data grows and merges into 
the cloud, and as the needs to mine that data grow and become increasingly important to business and customer analyses, we 
see the rise of business intelligence and varieties of data analytics.  
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Figure 6: Life Cycle of Big Data 
 

Real time Predictive Analysis Using Big Data 
 
Predictive analytics is mainly comprised of two major components advanced analytics and decision optimization where 
advanced analytics is grouping of analytic techniques used to predict future outcomes. Advanced analytics includes 
Predictive Analytics which helps in predicting questions like what will happen next if our customers continue to purchase as 
they have in the past and how the sales will be impacted if the current trends continues. Hence in this way the analysis is then 
used to predict future trends, and to spot repeating patterns before they reoccur. That foreknowledge is used to guide business 
decisions to improve revenue, reduce costs, prevent fraud, and improve customer satisfaction. 
 
Advanced analytics are based on mathematical models and algorithms and started as descriptive statistics which are basically 
used to sum and count past occurrences for what has happened in the past which is useful in a reactive, course correction 
manner. Advanced analytics allows you to anticipate possible future outcomes and either capitalize on them or adjust now to 
impact the future. 
 
The traditional technique for building a predictive model is based on hypothesis testing which more of a statistical approach. 
Data mining is a technique for building predictive models where the data is visually explored and used to determine which 
predictive model to use to “fit” the data. For example, if the data visually looks linear then a linear regression technique could 
be applied. However, if the data plots out logarithmically then a logistic regression technique could be applied. Figure 7 
represents how big data is used in various applications of Predictive analytics and the algorithms they use to provide real time 
business solutions. 
 

 
 

Figure 7: Specialized Predictive Analytics 
 

Precise models are developed using predictive modeling, which help businesses make informed decisions. They are used to: 
  

 Predict competitive initiatives with accuracy 

 Identify latent market demand and innovate products to meet it. 

 Identify a person’s likelihood to develop heart conditions (sentimental analysis) and suggest the right incentives to 
change contributing behavior. 

 Gmail by Google prioritizes mails for its users and groups them into ‘Priority Inbox’ using predictive algorithms. 
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Organizations use predictive analytics in every business area to help achieve cost effective, top line revenue growth that 
translates into real market value for the company. 

 
BI & Big Data Analytics Similarities & Differences 

 
BI is not a new concept. Data warehouses, data mining, and database technologies have existed in various forms for 
years. Big data as a term might be new, but many IT professionals have worked with large amounts of data in various 
industries for years. However, now big data is not just about large amounts of data. Digging and analysing semi-structured 
and unstructured data is new. Fifteen years ago, we did not analyze email messages, PDF files, or videos. The Internet was 
just a fad; distributed computing was not created yesterday, but being able to distribute and scale out a system in a flash—and 
within smaller budgets—is new. Similarly, wanting to predict the future is not a new concept, but being able to access and 
store all the data that is created is new. Various sources claim that 90 percent [20] of the data that exists today is only two 
years old. And that data is growing fast.  
 
Many enterprises have multiple databases and multiple database vendors, with terabytes or even petabytes of data. Some of 
these systems accumulated data over 30 or 40 years. Many enterprises built entire data warehouse and analytic platforms off 
this old data. Large retail corporations, such as Wal-Mart, became billion-dollar companies long before big data. So, it wasn't 
data that drove their business. Data as a service can drive a business- for example Amazon [6]. It was an online e-commerce 
product company. It has now evolved to become a platform as a service, software as a service, big data as a service, and 
cloud data centre company. Amazon built an incredible recommendation engine over the years from various open source 
technologies.  
 
Zynga, the Facebook gaming company that is known for hits like Farmville, used Amazon's cloud services to scale its own 
databases and analytics [7]. For data to be useful to users, it must integrate customers with finance and sales data, with 
product data, with marketing data, with social media, with demographic data, with competitors' data, and more. 

 
Big-Data Real-Time-Performance Analysis in BI&A using Open source tools 

 
Organizations must be well prepared and in a situation to quickly react to the new opportunities and technological challenges 
that arise. An effective organization today must be able to gather business critical information out of incoming raw data and 
have it available at fingertips of the decision makes. This process ensures that organisation keeps running and stays 
competitive. Nowadays companies are dealing with enormous amounts of raw data coming from various sources. The various 
analytical tools available in market make take minutes, hours, or even days to get the information extracted from the raw 
data. It is very important to provide the right information in the right context to the right location at the right time in order to 
give an organization the insight they need to achieve real business agility. Moreover companies are just not focusing on 
performing analytics anymore; real time analytics is needed.  
 
So in order to perform real time analytics we need to discover new ways like how we use NoSQL DB to perform analytics on 
big data we need to use GigaSpaces to perform Real-time analytics. GigaSpaces [12] a cloud platform allows you to combine 
the In memory Data grid (IMDG) with a NoSQL DB such as Apache Cassandra from DataStax to perform real-time analytics 
(Figure 10) A live example for a real-time analytics would be processing market data events coming at an incredible speed 
(few million events/sec) from the different market feeders. So the real time analytical tools should process such data in real 
time to perform decisions on buy/sell activities. So these data are further fed to the back testing systems to construct better 
distinction strategies. 

 

Figure 8 [12]: Interaction of GigaSpaces with Cassandra 

 
A two tier architecture is created by combining IMDG and NoSQL where IMDG mainly provides the real time data 
processing engine where different applications can access the data in real time using different programming languages and 
software frameworks. The Apache Cassandra NoSQL DB provides the long-term storage for Business Intelligence (BI) use 
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in real time analytics (via Cassandra) or batch (via Hadoop and Hive). DataStax Enterprise 3.0, a big data platform utilizes a 
production-ready version of Cassandra for real-time analytics with an integrated Hadoop distribution for batch analysis. 

 
The benchmark results below determines how combining Cassandra NOSQL DB with Giga Spaces IMDG will improve the 
real time analytics performance for data retrieval operations. The benchmark simply reads data based on a particular key: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Performance chart (* Threads per sec) 

 

 
Figure 9: Throughput results for a mixed read, write and sequential scans 

 

In terms of scalability Figure 7 [31] clearly confirms us that Cassandra achieves the highest throughput for the maximum 
number of nodes in all experiments with a linearly steady increasing throughput. 
  
To summarize we can conclude the below points from the benchmark results and graph: 
 
1. Cassandra and GigaSpaces IMDG compatibility has shown to be pronounced, each with different absolute numbers. 

 

2. The advantage of using GigaSpaces IMDG local cache with Cassandra is that it improves the read operation performance 

by a magnitude of 3(By calculating the slope of the linear line shown in the graph above) 

 

3. Write performance impact on GigaSpaces is very negligible. It takes less than a few microseconds to write the data into 

the IMDG once it the data is loaded from the No SQL DB. 

 
Case studies of value creation through Big Data Analytics 

 
a) Data Analytics and Visualization using Big Data 
 
Problem Statement: How EBay analyzes huge quantities of data with data visualization providing valuable insight across the 
company  
EBay currently has 108 million active users with $68 billion of goods sold last year; eBay generates a lot of data [27]. 
Employees can access 52 petabytes of data on everything from user behaviour to online transactions to customer shipments 
and much more - with access controls in place to ensure users see only what they're authorized to see. To make all the data 
understandable, eBay made use of Tableau [30], which provides visualization software to turn large, complex data sets into 
intuitive, interactive pictures. EBay employees can visualize search relevance and quality or monitor the latest customer 
feedback and sentiment analysis at any given point of time. 
 
Solution: EBay has built three separate analytic environments, out of which two are data warehouses built on Teradata 
software with tight security access, and the other is for unstructured data workloads processed using Hadoop. Data 
administered using Hadoop is not made broadly accessible to employees due to the difficulty of creating adequate access 

Client 
Threads 

Cassandra w/o 
Giga Spaces TPS* 

Cassandra with 
Giga Spaces TPS 

1 3,209 3,398,320 

2 5,999 7,156,737 

3 8,436 12,302,141 

4 11,107 18,368,255 

5 13,395 21,476,181 

6 15,710 30,230,604 

7 17,948 34,364,142 

8 21,497 39,376,531 

10 20,900 44,381,324 
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control around it. For structured data such as orders, shipments, listings, bids, payments, customer records, and so on EBay 
designed a separate 10-petabyte enterprise data warehouse (EDW). The entire organization can connect to the EDW via SQL, 
and this is where most people pose the bulk of their queries. 
 
EBay have designed a separate data warehouse named "Singularity “as big as 42 petabytes which is mainly used for 
specialized analytics and storage of structured and semi structured data, which includes the logos and other images from 
eBay sites. Singularity is mainly used to understand the customer's shopping behaviour on the website and has about 30 
percent of the number of EDW's concurrent users. 
 
Results: New advanced analytics tools require specialized skills. Whereas interactive data visualization tools like Tableau 
can help any business user to become an analyst and identify different kinds of trends on the fly. EBay uses Tableau to 
visualize search relevance and quality of the eBay.com site; monitor the latest customer feedback and analyse customer 
sentiments on eBay.com; and achieve operational reporting for the data warehouse systems. 
Figure 9 [32] below illustrates how best we can analyse the incoming web traffic data week on week and the page views per 
visit and thus analyse the daily trends on eBay site. So in this way big data is helping EBay to flourish an analytic culture 
within the company by making use of business intelligence tools. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: EBay’s Web Traffic visualization 

 

b) Web Marketing Analytics Case Study  

 
Problem Statement: Company ABC is a leader in web analytics software and hosted services, with most revenue coming 
from the latter. It tracks in real-time the activity of visitors to its customer’s web sites and provides customizable reports to 
the customer [11]. The company believed that it was missing new opportunities opened up by emerging market trends: 

1. Its primary user base has moved from technical web site administrators to non-technical business analysts, while enterprise 
marketing solutions has become the most lucrative target market. 

2. Its customers wanted to track and report on internet properties beyond their corporate web sites. They were also 
demanding deeper analytical capabilities with faster interactive responses. 

3. New competitors were providing basic analytics reporting for free or at low prices, while making money on other 
businesses enabled by the collected data.  

The company changed its business strategy to target business users in the marketing departments of mid to large size 
enterprises. However it needed to create and implement a new technical strategy to support its new business strategy. 

 
Solution: The company gauged that its technical architecture was outdated and required modernization. When first-deployed, 
it used a state-or-art proprietary file-based encoding to compactly represent and process web analytics data. It was later 
extended to provide flexible relational and multi-dimensional reporting using MS SQL Server.  
 
However, the proprietary data formats and engines did not evolve as rapidly as external technologies such as HBase and 
Hadoop, creating a significant technical disadvantage for the company. The company developed a list of requirements and 
evaluated several promising data and analytics technologies by implementing proofs of concept prototypes using its own 
data. Based on this detailed evaluation, it adopted a hybrid architecture based on Cassandra NoSQL database, Hadoop’s 
MapReduce and MS SQL Server. Since the technological landscape was rapidly evolving, the company decides to hedge its 
bets by shortlisting some attractive alternatives for future reconsideration.  
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These included proprietary Aster Data System (acquired by Tera Data) and Vertica databases, not selected because of their 
higher licensing costs; HBase (Hadoop’s native database), not selected because of its stronger consistency model and weaker 
robustness against server failure; MySQL and SQLite, not selected because of their limited support for non-SQL analytical 
capabilities such as MapReduce. While both Cassandra and Hadoop are open-source, they are also commercially supported 
by vendors like Cloudera and DataStax. 

Benefits: The emerging data platform has already provided several benefits: 

1. New analytics capabilities have been released, such as multivariate testing and campaign analytics.  

2. The scope of data collection has been expanded to social sites like Facebook and mobile platforms like iPhone. So more 
scalable than the legacy platform. 

3. Software licensing costs have decreased, while the data center operating costs have not grown.  

4. Some previously-slow services have been transformed into fast interactive services, such as cross-channel reporting. 

 
Tackling Big Data from Security point of view 

 
Many businesses already use Big Data for marketing and research, yet may not have the fundamentals right – particularly 
from a security perspective. As with all new technologies, security seems to be an afterthought at best. Big Data breaches will 
be big too, with the potential for even more serious reputational damage and legal repercussions than at present. 

A growing number of companies are using the technology to store and analyze petabytes of data including web logs, click 
stream data and social media content to gain better insights about their customers and their business. As a result, information 
classification becomes even more critical; and information ownership must be addressed to facilitate any reasonable 
classification. Most organizations already struggle with implementing these concepts, making this a significant challenge. 
Thus data ownership will be distinct from information ownership – perhaps with IT owning the raw data and business units 
taking responsibility for the outputs. Very few organizations are likely to build a Big Data environment in-house, so cloud 
and Big Data will be inextricably linked. As many businesses are aware, storing data in the cloud does not remove their 
responsibility for protecting it - from both a regulatory and a commercial perspective. 

Technique such as “Attribute based Encryption” is a type of Public-key encryption in which the public key of a user and 
the cipher text are dependent on attributes (e.g. the country he lives, the kind of subscription he has, etc.). In such system, the 
decryption of a cipher text is possible only if the set of attributes of the user key matches the attributes of the cipher text. So 
such techniques may be necessary to protect sensitive data and apply access. Many of these concepts are foreign to 
businesses today. 

The security analysis challenge is to find the relevant information in a sea of “noise” – for all the relevant data that can be 
accumulated; it will usually be dwarfed by vast amounts of unnecessary data. Fortunately, there are specialized techniques 
that can be used for processing vast amounts of big data to find the useful information. For example, Map Reduce (the 
programming approach used with data warehouses like Hadoop), whereby problem sets are divided into tasks that can be 
processed in parallel [21]. The interesting opportunity is to see how the application of these techniques to security events and 
information can improve security insight and proactive management. Big data techniques can help provide context to 
information, with a view of activities and patterns against particular norms provided in the large data sets. 

 
Results and Summary 

 
Data is very valuable asset of a company. Big Data can help to check and analyze the entire history of an enterprise, 
interactions with customers’ trends and possible threats to the company. Big Data can be thought of as a book with valuable 
information, and data mining helps to read and understand this “book”. Modern BI Solution with Predictive analytics taps 
this rich vein of experience, mining it to offer something completely different from standard business reporting and sales 
forecasting: actionable predictions for each customer.  
A lot of CFOs and CEOs are leveraging Business Intelligence with its analytic reports in order to have more competitive 
company. Also, with BI tools companies can be more flexible to risk and fraud and control transactions of the whole chain 
and one store as well and manage a risk of your business. Traditional business intelligence (BI) extracts relevant data in a 
structured mart, analyzes it and presents it in formats such as dashboards and reports. Same as data mining, BI tools are more 
exploratory than action-oriented, but the exploration is more likely driven by a business user than by an analyst. Business 
Intelligence helps management understand enterprise performance and its trends. While BI tools focus on past performance, 
predictive analytics forecast behavior and results in order to have specific decisions. Hence, BI shows you what has 
happened, and predictive analytics tells you what to do. Of course, both are important to making better business decisions 
[17]. 
 
Predictive analytics also work on distilling insight from data, but its main purpose is to explicitly direct individual decisions. 
Many BI solutions now include some analytics, ranging from report-driven analytics that synthesize past performance data to 
predictive analytics used in forecasting. 
 

http://en.wikipedia.org/wiki/Public_key
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Big data technologies don’t have to be complex and require specialized skills. BI tools like SAS provides an extensive array 
of preconfigured business solutions and business analytics solutions that greatly simplify the most complex analytical 
problems, including those based on big data. Adoption of more established big data analytics technologies such as advanced 
data visualization, real-time reporting, advanced and predictive analytics will approach 40-50 per cent by 2015.  

 

Table 2 shows 2011 and Forecast 2012-17 Big Data Analytics Adoption Rates 

 

Year Big Data Analytics Adoption Rate 

2011 34% 

2012 38% 

2013 45% 

2014 50% 

2015 52% 

2016 54% 

2017 54% 

 
Table 2: Forecast 2012-17 Big Data Analytics Adoption 

 
Adoption rates are expected to extend between industries to plus or minus 19 per cent by 2017 from 9 per cent in 2011. It is 

anticipated that the Financial Services and telecommunication sectors will have the highest rates of adoption by 2017, as 

these industries are extremely data-intensive and have a higher level of IT spend compared to total turnover. Figure 11 shows 

current and future rates of big data analytics adoption by industry. 

 

 
Source: Cebr analysis 

Figure 11: 2011 and Forecast 2017 Big Data Analytics Adoption Rates 

 

Conclusion 
 
It is a foregone conclusion that “Big Data” is beginning to take center stage given the explosion of data and the dire need of 
being able to glean useful business insights from them. “Big Data” Analytics provides the way for identifying useful pearls of 
wisdom from otherwise useless data. “Big Data” Analytics is becoming mission critical in the enterprises of the future. We 
have already entered an era of Big Data. Through better analysis of the large volumes of data that are becoming available, 
there is the potential for making faster advances in many scientific disciplines and improving the profitability and success of 
many enterprises.  

We must support and encourage fundamental research towards addressing these technical challenges if we are to achieve the 
promised benefits of Big Data. The use of analytics over a wide variety of internal, external and social data (i.e., “big data”) 
allows business processes to become “intelligent,” resulting in better business and process outcomes.  
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So Analyzing new and diverse digital data streams can reveal new sources of economic value, provide fresh insights into 
guest behavior and identify market trends early on.  

But this influx of new data creates challenges for IT departments. To derive real business value from big data, you need the 
right tools to capture and organize a wide variety of data types from different sources, and to be able to easily analyze it 
within the context of all your enterprise data.  
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